To explore the 2-year outcomes of an interdisciplinary intervention for elderly patients with hip fracture. DESIGN: Randomized experimental design. SETTING: A 3,000-bed medical center in northern Taiwan. PARTICIPANTS: Patients with hip fracture (N 5 162): 80 in the intervention group and 82 in the usual care control group. INTERVENTION: An interdisciplinary program of geriatric consultation, continuous rehabilitation, and discharge planning. MEASUREMENTS: Outcomes (clinical outcomes, self-care ability, health-related quality of life (HRQoL), service utilization, and depressive symptoms) were assessed 1, 3, 6, 12, 18, and 24 months after discharge. Self-care ability (ability to perform activities of daily living (ADLs)) was measured using the Chinese Barthel Index. HRQoL was measured using the Medical Outcomes Study 36-item Short Form Survey, Taiwan version (SF-36). Depressive symptoms were measured using the Chinese Geriatric Depression Scale, short form. RESULTS: Subjects in the intervention group had significantly better ratios of hip flexion (b 5 5.43, Po.001), better performance on ADLs (b 5 9.22, Po.001), better recovery of walking ability (odds ratio (OR) 5 2.23, Po.001), fewer falls (OR 5 0.56, P 5.03), fewer depressive symptoms (b 5 À 1.31, P 5.005), and better SF-36 physical summary scores (b 5 6.08, Po.001) than the control group during the first 24 months after discharge. The intervention did not affect the peak force of the fractured limb's quadriceps, mortality, service utilization, or SF-36 mental summary score.
H
ip fracture has been found to severely affect the functional and health outcomes of elderly persons, [1] [2] [3] [4] [5] [6] but few studies have examined the trajectory of functional recovery over the year after hip fracture. In one study of patients followed for 2 years after hip fracture, the degree and timing of recovery were found to vary according to functional domain, but many of these domains remained below prefracture levels, even at 2 years. 7 In that study, patients who had been independent before the fracture were found to develop new dependencies 12 and 24 months after hip fracture. Thus, the effect of hip fracture on physical outcomes can be observed for at least 2 years after the fracture.
Elderly patients with hip fracture have been shown to benefit from postoperative rehabilitation, early discharge planning programs, and transitional care programs, 8, 9 but the majority of these studies have analyzed data from developed Western countries, and few have examined the longitudinal effects of interventions more than twice within the first year after discharge. Less is known about the effects of interventions up to 2 years for elderly patients with hip fracture in Asian countries. At the same time, few studies have examined intervention effects on performance-based and self-reported outcome indicators. In addition, Taiwan differs substantially from developed Western countries in its healthcare system, clinical practice, case mix, culture, and social organization. These differences make it necessary to validate Western-based studies on the effects of intervention programs for older adults with hip fracture in Taiwan.
Older Taiwanese with hip fracture were previously examined in a randomized intervention study on the effects of an interdisciplinary intervention program for these older adults during the first postdischarge year. 10, 11 That program consisted of geriatric consultation, continuous rehabilitation, and discharge planning. The intervention program was found to benefit older patients with hip-fracture by improving their clinical outcomes and self-care abilities and by decreasing depressive symptoms. The purpose of this article is to report the long-term effects of this intervention program on self-reported and performancebased outcome variables from the first to second year after patient discharge. It was hypothesized that the benefits of the interdisciplinary intervention program would continue from the first to second year after discharge.
METHODS

Participants
Inclusion criteria for subjects were aged 60 and older, admitted to hospital for an accidental single-side hip fracture, receiving hip arthroplasty or internal fixation, able to perform full range of motion against gravity and against some or full resistance, a prefracture Chinese Barthel Index (CBI) score greater than 70, and living in northern Taiwan. Patients were excluded if they were severely cognitively impaired, making them unable to follow orders (score o10 on the Chinese Mini-Mental State Examination), 12 or terminally ill. Participants (N 5 162: 80 in the intervention group, 82 in the control group) were recruited from September 2001 to November 2004 and followed for 2 years (Figure 1 ). At the end of the second year, 55 subjects remained in the intervention group and 48 in the control group. Nine subjects in the intervention group and 13 in the control group died during the 2-year follow-up. More subjects died during the second year (5 in the intervention group and 7 in the control group) than during the first year. In the intervention group, 16 subjects refused to continue participating and dropped out during the first year; no more dropped out in the second year. In the control group, 21 subjects dropped out: 14 in the first year and seven in the second year. For a previous study, 10 a sample size of 65 subjects in each group was required to provide a power of 0.80 and alpha of 0.05 for a medium effect size of 0.50 13 in terms of ADL improvement from postsurgical discharge to 3 months later. It was assumed that the intervention program might be most effective during the first 3 months because of greater recovery in this period. 6 To allow for potential dropouts, it was therefore decided to recruit approximately 80 subjects in each group.
Intervention Program
The interdisciplinary intervention program included geriatric consultation services, a continuous rehabilitation program, and discharge-planning services 10, 11 (Appendix 1). The geriatric consultation was designed to detect potential medical and functional problems and to decrease delays before surgery and was administered by a geriatrician and geriatric nurses during hospitalization before and after surgery. Geriatric consultations were based on geriatric assessments and provided to the surgeon in charge to suggest time of surgery, use of infection and thromboembolic prophylaxis, postoperative nutrition management, urinary tract management, and delirium prevention and management.
Continuous rehabilitation was designed to provide early postoperative rehabilitation, facilitate mobility, plan for hospital discharge, and provide rehabilitation in the patient's usual environment; geriatric nurses and physical therapists delivered this component. In this component of the intervention, the inpatient rehabilitation program included a hip fracture-oriented intervention and a general intervention program for enhancing physical fitness. The at-home rehabilitation program included a hip fracture-oriented intervention and a general intervention program for enhancing physical fitness. The exercise protocol emphasized ankle dorsiflexion with knee extension, isometric full-knee extension, gently bouncing vertical jump with knee semiflexed and foot on the floor, and ball-rolling activities to enhance proprioception, depending on each patient's condition.
The discharge planning component was designed to maintain continuity of care and to assure appropriateness of referrals and was delivered by geriatric nurses. Predischarge assessment included caregiver's competence, resources, family function, patient's self-care ability, and needs for community or long-term care services, with necessary referrals made. The home environment was assessed, environmental modifications were suggested, and followup adherence was monitored.
In summary, each participant in the intervention group received one geriatrician visit, a mean of 5.4 AE 2.4 geriatric nurse visits, a mean of 3.1 AE 1.6 physical therapist visits, and one rehabilitation physician visit during the hospital stay. After discharge, each participant in the intervention group received an average 9.9 AE 2.3 geriatric nurse visits and an average 3.0 AE 1.1 physical therapist visits at home.
Usual Care
After an injurious fall, patients are usually sent directly to the hospital emergency department, although some patients may visit an outpatient clinic, through which they enter the hospital. Orthopedists care for these patients. Consultations for internal medicine care are occasionally made depending on the patient's condition. Consultations with anesthesiologists are sometimes made. Before surgery, routine examinations include X-ray, electrocardiogram, testing for blood chemistry, and blood cell counts. Skin traction before surgery is usually performed. Patients then receive internal fixation or arthroplasty. After surgery, patients usually stay in the recovery room for vital signs to be monitored. After vital signs have become stable, patients are transferred to the trauma or orthopedic wards. In the first 2 to 3 days, nurses teach patients how to exercise while still in bed, and caution is taken while changing their position. Pain relief medications are also administered. Antibiotics are administered for 2 or 3 days. Hemobags are removed on the third day, and physical therapy usually starts the same day. Participants in the control group received an average of 1.1 AE 1.6 sessions of physical therapy.
Patients are usually discharged from the hospital approximately 5 to 7 days after surgery. After hospital discharge, no provision is made for at-home rehabilitation or nursing care.
No participants in the control group received at-home physical therapy. In general, adherence to the medical follow-up schedule is poor. Telephone follow-up is seldom provided, and home environments are not assessed. Patients and their families are generally ignorant of rehabilitation, and little health education is offered.
Outcome Variables
Outcomes were measured using performance-based and self-report measures. Performance-based measures included ratio of hip flexion (RHF), peak force of the fractured limb's quadriceps, recovery of walking ability, self-care ability, and occurrence of falls. Self-report measures included health-related quality of life (HRQoL) and depressive symptoms. In addition, the intervention and control groups were compared for mortality and service utilization, including hospital readmission, emergency department visits, and institutionalization.
Performance-Based Measures RHF was defined as the range of motion (ROM) of the affected hip joint divided by the ROM of the unaffected hip joint. The peak force of the fractured limb's quadriceps was measured using MICROFET2, a portable force-evaluation and testing device (Hoggan Health Industries, Inc., Draper, UT).
Recovery of walking ability was rated during face-toface interviews using the walking ability item in the CBI 14 and comparing it with prefracture walking ability (rated at admission using the same item). Raters asked subjects to walk for 50 yards. Walking ability was rated from 0 to 15, with the following categories: 0 (immobile or o50 yards), 5 (wheelchair independent, including corners, 450 yards), 10 (walks with verbal or physical help of one person, 450 yards), and 15 (independent, but may use any aid, e.g., a cane, 450 yards). Recovery of walking ability to the prefracture level was rated 1; no or less recovery than the prefracture level was rated 0.
Self-Report Measures
HRQoL was measured using the physical (PCS) and mental (MCS) component summary scales of the Taiwan version of the Medical Outcomes Study 36-item Short Form Survey (SF-36). [15] [16] [17] The SF-36 consists of 36 items representing health concepts, including physical functioning, role disability due to physical health problems, bodily pain, vitality, general health perceptions, social functioning, role disability due to emotional problems, and general mental health. PCS and MCS scores were calculated using norm-based (50, 10) scoring methods 18 with Taiwan-specific SF-36 algorithms. 16 Scores in each scale range from 0 to 100, with higher scores representing better health outcomes.
Depressive symptoms were assessed using the Chinese version of the Geriatric Depression Scale, short form (GDSs). 19, 20 The maximum GDS-s score is 15; higher scores indicate more-severe depressive symptoms. Patients with a score of 5 or higher were categorized as being at risk for a clinical diagnosis of depression. The sensitivity of the GDS-s score to the intervention was maximized by using it as a continuous variable in the longitudinal outcome analysis to indicate the severity of depressive symptoms. Reliability (internal consistency) and construct validity of the GDS-s have been established in older Taiwanese. 20 The reliability for this study ranged from 0.81 to 0.87.
Self-Care Ability Measure Self-care ability was measured using the CBI 14 in terms of activities of daily living (ADLs: eating, transferring, grooming, toileting, bathing, walking, climbing stairs, dressing, bowel and bladder control). With scores ranging from 0 to 100, the CBI has been shown to have satisfactory reliability and validity for assessing frail older adults in Taiwan. 14 CBI scores were obtained using observation of performance and patient self-report, except for prefracture status which was based on patients' recall of their prefracture performance of ADLs at admission. At 1, 3, 6, 12, 18, and 24 months after discharge, 50-yard walking and transferring abilities were assessed by observing patients perform these activities. All other activities (eating, grooming, toileting, bathing, climbing stairs, dressing, and bowel and bladder control) were rated according to patient self-report.
Procedures
Human subject approval was obtained before collecting data. An institutional ethics panel reviewed the protocol, and signed consent was obtained from patients before collecting data. Research assistants who screened the admission list twice a day recruited subjects from the emergency department. Those who agreed to participate were randomly assigned to an intervention or control group. Subjects in the intervention group then received routine hospital care plus the intervention program, whereas subjects in the control group received only routine hospital care plus regular social contact provided by a research nurse at the same time that the intervention group received the intervention. All subjects were assessed at 1, 3, 6, 12, 18, and 24 months after discharge for clinical outcomes, service utilization outcomes, self-care ability, and depressive symptoms. The subjects were blinded, but the evaluators were not.
Statistical Analysis
Analyses were performed using an intention-to-treat principle. Differences in baseline characteristics, including prefracture self-care ability of the intervention and control groups, were assessed using two-sample t-tests or chi-square tests, with the significance level set to .05. To evaluate the effects of the interdisciplinary intervention and to account for correlations in repeated observations over time, a generalized estimating equation (GEE) approach was used. 21, 22 The GEE can account for possible correlations in repeated measures over time and can explore differences at different time points. One advantage of using the GEE model is that partial information can also be used (e.g., data from those who drop out can still contribute to the estimation parameters). This approach is especially useful in longitudinal studies in which sample attrition is inevitable, but the data belonging to study participants who die or drop out within 2 years of discharge can be included in the analysis. For a given outcome variable, the GEE model includes treatment (1 5 intervention group, 0 5 control group) as a predictor and five dummy variables representing the timing of measurements at 3, 6, 12, 18, and 24 months after discharge (1 5 measurements at 3, 6, 12, 18 and 24 months, 0 5 measurement at first month). GEE analyses were performed using SAS Win 8.0 (SAS Institute, Inc., Cary, NC).
Subjects who dropped out (n 5 59) were comparable with those remained in the study in terms of age, sex, educational background, type of surgery, length of hospital stay, and number of comorbid conditions. Comparison of subjects who dropped out in the intervention group (n 5 25) and in the control group (n 5 34) showed no significant differences in age, sex, educational background, type of surgery, length of hospital stay, or prefracture self-care ability, so the influence of death and attrition was probably limited. All data were analyzed using SAS software.
RESULTS
Baseline Participant Characteristics
Sample characteristics for the intervention and control groups are shown in Table 1 . Of the 162 participants in the final sample, 68.5% were female, with an average age of 78.2 AE 7.8. Fifty-two percent were married, 48.8% were illiterate, 63% received internal fixation, and 37% received arthroplasty. Participants' mean CBI score before fracture was 96.1 AE 6.5, representing independence in performing ADLs, and 84.6% could walk independently. The intervention and control groups did not differ significantly in terms of sex, age, marital status, education, type of surgery, prefracture self-care ability, prefracture walking ability, length of hospital stay, number of comorbid diseases, fracture type, American Society of Anesthesiologists rating, and time from admission to surgery.
Outcome Comparisons
Analysis of data using the GEE approach showed that subjects in the intervention group had better RHF (b 5 5.43, Po.001, Table 2 ) than the control group. For the intervention and control groups, RHF was significantly better at the Months 6, 12, 18, and 24 after discharge than at the Month 1 ( Table 2) .
The intervention significantly enhanced recovery of walking ability in the intervention group (b 5 0.80, Po.001, Table 2 ). As shown in Figure 2 , more subjects in the intervention group than in the control group recovered their previous walking ability at different time points during the 24 months after discharge. Overall, the odds ratio for the intervention group recovering their previous walking ability was 2.72 (95% confidence interval (CI) 5 11.53-4.84; Po.001) compared with the control group (not shown in Table 2 ). The percentages of subjects recovering walking ability at all time points during the 24 months were significantly higher than during the first month after discharge (Table 2, Figure 2 ).
Fewer falls occurred in the intervention group than in the control group (b 5 À 0.57, P 5.03, Table 2 ). Overall, the odds ratio for the intervention group to have a subsequent fall was 0.56 (95% CI 5 0.34-0.94, P 5.03) compared with the control group (not shown in Table 2 ). The occurrence of falls did not change significantly over the first year after discharge. More subjects fell from 12 to 24 months after discharge than within the first month. This result might be because of the different observation periods; the latter observation period was 12 months long, whereas the first observation period was only 1 month long ( Table 2 ). The intervention program was not effective in improving the peak force of the quadriceps on the fractured limb and mortality.
The intervention significantly affected self-care ability. Subjects in the intervention group were significantly better at performing ADLs than the control group (b 5 9.22, Po.001, Table 2 ). The trajectory of CBI scores for the intervention group was consistently better than that of the control group (Table 2, Figure 2 ). The intervention group improved approximately 8 to 10 points more than the control group on the CBI, or one to two ADLs more, during the first 18 months after discharge and improved approximately 3 points, or 0.5 ADLs more, than the control group from Month 18 to 24 after discharge. For both the intervention and control groups, ADL performance was significantly better at Months 3, 6, 12, 18, and 24 after discharge than at Month 1 ( Table 2) .
Depressive symptoms decreased significantly over the first 12 months after discharge, especially after the sixth month after discharge (Table 2) . Subjects in the intervention group had significantly fewer depressive symptoms than those in the control group (b 5 À 1.31, P 5.005, Table 2 ). The trajectory of depressive symptoms for the intervention group was consistently lower than that of the control group (Table 2, Figure 3 ). When Month 1 after discharge was used as baseline, GDS scores significantly decreased at Months 6, 12, 18, and 24 after discharge (Table 2) .
For HRQoL, subjects in the intervention group had significantly better PCS than those in the control group (b 5 6.08, Po.001, Table 2 ). The trajectory of PCS for the intervention group was consistently better than that of the Figure 3 ). PCS increased significantly over the 24 months after discharge ( Table 2 ). The intervention did not affect MCS. When Month 1 was used as baseline, MCS decreased significantly from the Month 6 to 24 (Table 2) .
No significant differences were found in 2-year mortality between the two groups (intervention 11.3% vs control 15.9%). Similarly, no significant differences were found in rates of readmission (intervention 11.1% vs control 7.8%) and institutionalization (intervention 2.4% vs control 2.9%) between the two groups. For overall 2-year emergency department visits, the intervention group had significantly fewer visits (16, 4 .23%) than the control group (32, 8.3%) (chi square 5 5.34, P 5.02).
In terms of intervention benefits from the first to second year, similar treatment effects were found at all time points during the 2-year period, including between the first and second year after discharge. This similarity was inferred from the nonsignificant interactions between time and treatment for all outcome variables in the GEE analysis. In other words, as during the first year, the intervention group had significantly better RHF, better performance of ADLs, better recovery of walking and physical health outcomes, fewer falls, and fewer depressive symptoms in the first and the second year after discharge than the control group. Differences between the intervention and control groups were also examined for all variables at single time points, including Months 12, 18, and 24 after discharge, and results were similar to those for the longitudinal analysis. For example, the intervention group had better independence in walking ability and recovery in walking ability than the control group at almost all time points in the first and second years after discharge (Table 1) . Although the two groups did not differ significantly in risk for depression at Months 12, 18, and 24 after discharge, the severity of depressive symptoms at these time points was greater in the control group than in the intervention group (Table 1) .
DISCUSSION
This study expands the results of previous studies 8, 9, 11 by showing that benefits in self-reported and performancebased outcome indicators of a multidisciplinary program can be maintained in older Taiwanese adults with hip fracture for up to 2 years after discharge. Elderly persons who received the interdisciplinary intervention program had significantly better RHF, better walking ability, fewer subsequent falls, better self-care ability, fewer depressive symptoms, fewer emergency department visits, and better physical health-related outcomes than those who received routine care during the first 2 years after discharge. These results further provide quantitative estimates for the trajectories of treatment effects. Specifically, the treatment effects in the second year after discharge were similar to the treatment effects during the first year.
The multidisciplinary approaches of geriatric hip-fracture programs (GHFPs) and early-support discharge (ESD) programs have been found to effectively increase the rate of return home and reduce length of hospital stay, 23 but the effect of these two approaches on recovery of mobility and ADLs were not supported. [23] [24] [25] GHFPs are usually implemented within an existing acute orthopedic unit, in which a geriatrician participates and influences care and that has multidisciplinary expertise to provide acute care and rehabilitation. ESD programs are characterized by early identification and transfer of selected patients to their homes from orthopedic units and by expertise in discharge planning, community care, and rehabilitation. Components of GHFPs and ESD programs 23 were included in the intervention developed and examined in this study and might maximize treatment effects. 26 Because self-care ability has been found to influence depressive symptoms, 27 improving self-care ability might indirectly improve depressive symptoms.
This intervention did not significantly affect hospital readmission or mortality rates, as previously reported. 23, 28 Outcomes of death or requirement for institutional care were not found to be affected in a systematic review of nine trials using multidisciplinary approaches to care of older adults with femoral fracture. 28 The nonsignificant findings might also be due to the small number of rehospitalized and institutionalized patients, as well as the small number of patients who died within the 2-year follow-up.
In terms of changes in outcomes over time, PCS scores and RHF continued to improve during the first 2 years, and MCS continued to decline after Month 6. These results are consistent with a previous report that different functions were recovered at different rates after hip fracture. 7 Attention needs to be paid to the decline in overall mental health after the sixth month after discharge and the ineffectiveness of the intervention in improving mental health.
The criteria for selecting subjects excluded older adults with severe cognitive impairment and weak muscle power. Thus, the sample may have had better functional ability than the general population of older adults with hip fracture in Taiwan. The effect of this intervention program can therefore only be generalized for hip-fractured older adults without severe cognitive impairment and with adequate muscle power in their extremities.
Nevertheless, the care received by the control group might be below that provided in most Western countries, postoperatively and especially after discharge. For example, routine care for hip-fractured elderly persons in developed Western countries includes some forms of consultation from different specialists, such as physical or occupational therapy, social work, and geriatric consultation, and most care includes discharge planning and discharge referral for rehabilitation and geriatric services. 29 These differences may explain why previous consultation interventions have not reported such significant and lasting effects. In addition, some countries have different healthcare delivery systems from Taiwan's. For example, patients with hip fracture in Japan have much longer hospital stays (mean 56.4 days). 30 Therefore, the effects of the intervention in this study might not be observed if implemented in Western countries or in Japan, limiting the generalizability of the findings to these nations.
Another concern may be that the CBI consisted of observed and self-reported items. Thus, the 0.5-ADL difference in CBI scores from 18 to 24 months may have marginal clinical significance, particularly in light of the way the instrument was administered. Although the prefracture CBI scores (measured according to subject recall) were obtained differently from CBI scores at other time points (measured according to self-report and observation), the prefracture CBI scores were used for baseline comparison only. The multivariate GEE analysis used only CBI scores collected after discharge, which were measured consistently. In addition, GEE analysis emphasizes mean differences within subjects at different time points. Therefore, the influence of different means of data collection (observation and selfreport) was minimal. Although the 0.5-ADL difference in CBI scores from 18 to 24 months might have marginal clinical significance, the overall findings based on multiple outcome measures suggest that the treatment effects can be sustained up to 2 years after discharge.
